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The negative ions of deprotonated 2-(4, 6-dimethoxypyrimidin-2-ylsulfanyl)-N-phenylbenzamide
and its derivatives are studied by electrospray ionization tandem mass spectrometry (ESI-MS/
MS). Upon collisional activation, the [M  H] ions dissociate in two competitive pathways
that can be considered as the gas-phase Smiles rearrangement reactions, giving rise to the
characteristic fragment ions [M  H  C7H4OS]
 and [M  H  C13H8NSR]
 (R 
substituent). Theoretical computations were invoked to shed light on the reaction mechanisms
of the representative Compound 1 by the semiempirical PM3 method. These theoretical
calculations show that the formation of [M  H  C13H8NSR]
 ( R  H for Compound 1) is
more favorable. Furthermore, it is found that the intensities of the two product ions are
strongly influenced by the position and the nature of the substituents. For the para-substituted
compounds, the ln[(M  H  C7H4OS
)/(M  H  C13H8NSR
)] values are well correlated
with the p
 substituent constants. In addition, the dependence of the intensity ratios of these
two ions, ln[(M  H C7H4OS
)/(M  H  C13H8NSR
)](R  CH3), on the collision energy
can be used to distinguish the positional isomers. (J Am Soc Mass Spectrom 2007, 18,
1813–1820) © 2007 American Society for Mass SpectrometryThe 4, 6-dimethoxypyrimidine derivatives arewidely used as pesticides. For example, O-pyrim-idinylsalicylates show very strong herbicidal activ-
ity under pre- and postemergent treatment conditions
against various grasses and broadleaf weeds [1, 2]. Also,
the 2-(4,6-dimethoxypyrimidin-2-ylthio)benzoic acid de-
rivatives are found to exhibit herbicidal activities against
grasses and broadleaf weeds over a wide range of growth
stages [3, 4]. Therefore, a series of 2-(4,6-dimethoxypyri-
midin-2-ylsulfanyl)-N-phenylbenzamide derivatives
was synthesized in our laboratory [5] as precursors of
pesticides. Studies on the mass spectrometric behavior
of these compounds should provide additional infor-
mation about the chemical transformation in the solu-
tion phase, which might be helpful in the understand-
ing of the metabolizable behavior of these compounds
[6 –9].
Previous studies [10, 11] showed that the major
fragmentation of protonated amides observed in mass
spectrometry was the cleavage of the amide bond.
However, deprotonated molecules of the amide com-
pounds we were interested in may dissociate differ-
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doi:10.1016/j.jasms.2007.07.012ently. As a matter of fact, it has already been reported
[9] that upon collisional activation, certain deproto-
nated amides underwent a skeletal rearrangement be-
fore the fragmentation. A gas-phase type Smiles rear-
rangement mechanism was proposed to explain this
rearrangement. The Smiles rearrangement in the solu-
tion phase has been well documented as an aromatic
ipso nucleophilic substitution reaction [12, 13] as sum-
marized in Scheme 1. The reaction could be simulated
by mass spectrometry in the negative-ion mode, since
the Smiles rearrangement reaction is known mainly
through a base-catalyzed rearrangement mechanism
[9]. The nucleophilic attack normally requires an elec-
tron-withdrawing group (e.g., nitro, sulfonyl, or halo-
gen) either at the ortho or para position on the aromatic
ring. However, gas-phase studies on PhO(CH2)nO
 (n
 2-4) carried out by Eichinger et al. [14 –16] suggested
that the Smiles rearrangement can be initiated upon
collisional activation without any electron-withdrawing
substituents. More recently, similar rearrangement reac-
tions were also reported by Guo et al. in studies on
2-pyrimidinyloxy-N-aryl-benzylamine derivatives [9] a n d
by Wang et al. in collision-induced dissociation studies
on phenoxy-N-phenylacetamide derivatives [17].
The purpose of the present study was to elucidate the
fragmentation mechanism of 2-(4,6-dimethoxypyrimidin-
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1814 ZHOU ET AL. J Am Soc Mass Spectrom 2007, 18, 1813–18202-ylsulfanyl)-N-phenylbenzamide and its derivatives by
ESI negative ion mass spectrometry. The elemental com-
positions of all the ions were confirmed by high-
resolution Fourier transform ion cyclotron resonance
ESI mass spectrometry (FTICR-ESI-MS/MS). In addi-
tion, some theoretical computations were carried out to
support the proposed mechanisms of the gas-phase
reactions. Interestingly, two competitive Smiles rear-
rangement reactions were observed. The relationship
between the relative abundances of the two product
ions resulting from these two competitive Smiles rear-
rangement reactions and the nature of the substituents
were investigated.
The information in a mass spectrum obtained at one
single collision energy is limited but can be significantly
enhanced by examining changes in the profile with
ramping collision energies, or the so-called energy-
resolved mass spectrometry (ERMS). A plot of relative
intensity of selected fragment ions versus collision
energy leads to the generation of breakdown curves
[18]. The evaluation of breakdown curves can provide
information on fragmentation mechanisms such as dis-
tinguishing between competitive and consecutive frag-
mentation pathways, the stability of product ions, and
the identification of isomers and tautomers [19, 20].
Here we used the plots of intensity ratios of the two
product ions, instead of the relative abundance of the
respective ions, versus the collision energy to differen-
tiate the three methyl-substituted positional isomers. It
was demonstrated that the positional isomers of the
studied compounds could be distinguished by this
method.
Experimental
All compounds used in this study were synthesized
in our laboratory [5]. The structures were confirmed
using 1H NMR, 13C NMR, IR, and high-resolution
mass spectrometry after purification of the synthe-
sized products.
The samples were first analyzed on a Bruker
Esquire 3000plus mass spectrometer; Bruker, Billerica,
MA equipped with an ESI ion source in the negative
ionization mode, with data acquisition using the Es-
quire 5.0 software. The compounds were dissolved in
methanol. The solutions were infused into the source
chamber at a flow rate of 2 L min–1 and nitrogen was
used as the nebulizing gas at a pressure of 15 psi, while
the drying gas was at a flow rate of 5L min–1. The
capillary voltage was set at 4000 V, and the ion source
temperature was at 250 °C. The collision-induced dis-
Scheme 1. Classical Smiles rearrangement.sociation (CID) mass spectra were obtained with heliumas the collision gas after isolation of the precursor ions,
and the collision energy was set at 0.3 to 0.8 V to give
suitable energy for the dissociation of all samples.
All accurate masses were measured on an Apex 
(7.0 tesla) FTICR mass spectrometer (Bruker). Sodium
trifluoroacetate was selected as an external calibration
compound for negative ion electrospray ionization
mass spectrometry in the mass range 200 to 900 Da. The
solutions were infused from the ESI source at 3 L
min–1 with the following parameters applied: capillary,
3946 V; end plate, 3767 V; skimmer 1, –15.47 V; skimmer
2, –9.42 V; offset, –1.01 V; RF amplitude, 500 Hz; drying
gas temperature, 150 °C. Nitrogen was used as the
nebulizing and drying gases, and argon was used as the
collision gas. MS/MS parameters: correlation sweep
pulse length, 2000 s; correlation sweep attenuation, 18
dB; ejection safety belt, 1000 Hz; ion activation pulse
length, 250,000 s; ion activation attenuation, between
40 and 50 dB; frequency offset from activation mass, 600
Hz; and user delay length, 3 s.
All theoretical calculations were carried out by the
semiempirical PM3 method with the Gaussian 03 pro-
gram [21]. Semiempirical molecular orbital methods
based on the neglect of diatomic differential overlap
(NDDO) approximation continue to find widespread
use in variety of applications. PM3, for example, is
widely used for relative large systems. When confined
by some parameters that come from experiment, PM3
can get very good calculation results. Furthermore,
when compared with the DFT and ab initial method,
semiempirical methods have speed as their main ad-
vantage. The candidate transition-state structures and
the key structures on the potential energy surface were
optimized with calculating force constants. No symme-
try constrains have been imposed in the optimizations.
All optimized structures were subjected to vibrational
frequency analysis for zero-point energy (ZPE) correc-
tion, and the reaction pathways were traced forward
and backward by intrinsic reaction coordinates (IRC)
method. Sum of electronic and thermal energies (in
kcal/mol) of the optimized structures were calculated.
The semiempirical PM3 optimized structures were
shown by Gauss View version 3.09 software to give
higher quality images of these structures.
Results and Discussion
The structures of 2-(4,6-dimethoxypyrimidin-2-
ylsulfanyl)-N-phenylbenzamide (Compound 1), its
derivatives (Compounds 2–11), and N-cyclohexyl-2-
(4,6-dimethoxypyrimidin-2-ylsulfanyl)benzamide (Com-
pound 12) are shown in Table 1. For all the compounds,
the deprotonated molecular ions were produced under
negative ion ESI conditions. In the MS/MS experiments,
themass spectra were obtained under the same conditions
as described in the experimental section. Generally, Com-
pounds 1–11 gave similar fragmentation in the negative-
ion ESI-MS/MS experiments, whereas the position and
the nature of the substituents merely affected the relative
1815J Am Soc Mass Spectrom 2007, 18, 1813–1820 GAS-PHASE SMILES REARRANGEMENT REACTIONSabundances of the fragment ions. The representative
Compound 1, 2-(4, 6-dimethoxypyrimidin-2-ylsulfanyl)-
N-phenylbenzamide, was selected as a model to explain
the possible dissociation pathways. The full scan ESI mass
spectrum of Compound 1 showed an abundant deproto-
nated molecule ion at m/z 366. Upon collisional ac-
Table 1. Structures of title compounds 1–12
Compounds MW R
1 367 H
2 381 o-CH3
3 381 m-CH3
4 381 p-CH3
5 412 p-NO2
6 397 p-OCH3
7 385 p-F
8 401 p-Cl
9 445 p-Br
10 435 p-CF3
11 410 p-N(CH3)2
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Figure 1. The MS/MS spectra of [MH] ions
11, and (d) Compound 12 in the negative-ion ESI motivation, it yielded two major product ions at m/z 230
and 155, as shown in Figure 1a. In addition, Compound
12, N-cyclohexyl-2-(4,6-dimethoxypyrimidin-2-ylsulfanyl)
benzamide, was selected as a contrast. The major product
ions with their relative abundances (RA) from the precur-
sor ions [M  H] are summarized in Table 2 for all the
compounds studied. Although the m/z values were ap-
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Table 2. Main product ions observed in the ESI-MS/MS
spectra of the deprotonated compounds
Compounds
Precursor ions
[M – H]
Relative abundances of
product ions m/z (%)
b d f
1 366 230 (100), 155 (46)
2 380 244 (100), 155 (57)
3 380 244 (100), 155 (58)
4 380 244 (100), 155 (69)
5 411 275 (100), 155 (0.01)
6 396 260 (100), 155 (78)
7 384 248 (100), 155 (24)
8 400 264 (100), 155 (5)
402 266 (100), 155 (6)
9 444 308 (99), 155 (3)
446 310 (100), 155 (3)
10 434 298 (100), 155 (0.4)
11 409 273 (78), 155 (88)
12 372 236 (0.7), 155 (100)
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1816 ZHOU ET AL. J Am Soc Mass Spectrom 2007, 18, 1813–1820proximately in the range 350 to 450, there were only a few
product ions observed, indicating dominant fragmenta-
tion pathways. The formation of these fragment ions can
be rationalized by a reaction mechanism as described in
Schemes 2, 3, and 4. The ions were labeled as a–f, and the
details of the pathways are described in the following
section. In fact, the fragmentation in the gas phase was
equivalent to the Smiles rearrangement in the solution
phase [11, 12].
To confirm the proposed structures, the exact mass
measurements of the product ions were carried out by
high-resolution FTICR-MS/MS. The most probable ele-
mental compositions of these ions were obtained with a
high degree of confidence. The errors between the
observed masses and calculated values are within 1.5
ppm, with maximum error of 1.3 ppm and average
error of 0.3 ppm, indicating very good mass accuracy
and confirming the compositions of the ions.
Figure 1a shows the ESI-MS/MS spectrum of Com-
pound 1, as an example of the characteristic fragmen-
tation observed for this series of compounds. The
formation process of the ions at m/z 230 and 155 from
deprotonated 1 cannot be rationalized without invoking
skeletal rearrangements before the fragmentation. Two
competitive gas-phase Smiles rearrangement mecha-
nisms were proposed to explain the formation of the
ions at m/z 230 and 155, corresponding to neutral losses
of 136 and 211 Da, respectively. The mechanism is
shown in Scheme 2.
Scheme 2. Proposed MS/MS fragmentatioScheme 3. Proposed resonance transformThe amide group of Compound 1 can isomerizes to the
enol form. Hence there were two tautomers, Mketo(a-1)
and Menol(a-2), both of which could be deprotonated with
ESI in the negative ion mode [22]. After loss of the labile
proton, the [M  H] ions can form many conforma-
tional isomers, as the negative charge can distribute to
the atoms with different proportions. Among these, the
lone electron pair localize either at the nitrogen atom or
at the oxygen atom (see structures b-1 and b-2) will
possess relative higher proportion. Two competitive
Smiles rearrangement reactions, Route 1 and Route 2,
occurred because of the presence of two nucleophilic
centers, as shown in Scheme 2. For Route 1, the nitrogen
atom with the lone electron pair attacked the electro-
philic center while for Route 2 the oxygen atom acted as
a nucleophile. The final ions at m/z 230 and 155 were
gained via the neutral losses of 136 mass units of
2H-benzo[b]thiet-2-one and 211 mass units of (Z)-N-
(2H-benzo[b]thiet-2-ylidene)benzenamine, respectively.
Theoretical computations were invoked to support
the proposed mechanisms and show the possible exis-
tence of some transition states and intermediates in-
volved in the two different pathways. In Route 1 (Figure
2), the nitrogen anion first attacked the 2-position carbon
of pyrimidine, involving cleavage of the C–S bond to
form c ion through transition-state 1 (TS1). Then the
sulfur anion attacks the carbonyl with the cleavage of
the C–N bond to form the neutral molecular RN1 and d
ion via transition-state 2 (TS2). The semiempirical PM3
chanism of deprotonated Compounds 1–11.ation of deprotonated Compound 5.
1817J Am Soc Mass Spectrom 2007, 18, 1813–1820 GAS-PHASE SMILES REARRANGEMENT REACTIONSoptimized structures, the lengths of important bonds (in
Å), the distances between approaching atoms (shown in
dashed in Å) and the calculated heats of formation of
species involved in this nitrogen attack Smiles rear-
rangement reaction are reported in Figure 2.
Route 2 (Figure 3) is also a Smiles rearrangement
mechanism, whereas the oxygen anion acted as nucleo-
phile to attack the 2-position carbon of the pyrimidine.
The mid-process seems to be quite alike. The final
product ion f was obtained via the neutral loss of RN2
through transition-state 4 (TS4). The semiempirical
PM3 optimized structures, the lengths of important
bonds (in Å), the distances between approaching atoms
(shown in dashed in Å) and the calculated heats of
formation of species involved in this oxygen attack
Smiles rearrangement reaction are reported in Figure 3.
A schematic potential energy surface for the two
proposed mechanisms is given in Figure 4. Analysis of
Figure 4 indicates that the activation barriers for the
Scheme 4. Proposed resonance transformation of deprotonated
Compound 12.
[M-H]- b-1
Route 1
170.7 Kcal/mol
TS1
182.1 Kcal
TS2
192.7 Kcal/mol
1.780
2.200
1.340
3.412
2.1
2.011
Figure 2. PM3 optimized structures of the spe
deprotonated Compound 1 via transition-state (
(TS2). Heats of formation are given as kcal/mol and tskeletal rearrangement for both Routes (from b-1 to c in
Route 1; and from b-2 to e in Route 2) are substantially
lower than those of the dissociation steps (from c to d in
Route 1; and from e to f in Route 2). The skeletal
rearrangement steps are reversible and the relative
populations of intermediate species c and e are there-
fore sensitive to the relative energies of c and e. From
the optimized structures, it is not difficult to tell that the
structure of intermediate c is much more stable than e.
The two structures are quite similar except for the differ-
ence in the mid-frame. The imidate in structure e is
unstable because of the presence of the electronwithdraw-
ing effect of the 4,6-dimethoxy-2-methylpyrimidine. Com-
pared with e, the structure of c with the amide group in
the middle is far more stable. Hence, the relative
abundance of intermediate species c is higher than that
of the e. Study of Figure 4 shows that the rate deter-
mining steps for both Smiles rearrangement reactions
are the actual dissociation steps. Since the rate deter-
mining steps are the irreversible dissociation steps, they
are kinetically controlled. The difference in their rate of
reactions depends on their difference in overall activa-
tion barriers, which means the product ion d, favored as
the overall activation of Route 1 (22.0 kcal/mol), is less
than that of Route 2 (31.1 kcal/mol). In sum, these
calculation results indicate that the nitrogen attack
Smiles rearrangement reaction is more favorable than
the oxygen attack mechanism, which can explain the
c
163.2 Kcal/mol
d
175.5 Kcal/mol
9
1.520
1.421
RN1
1.339
3.167
1.899
in the nitrogen attack Smiles rearrangement of
and the neutron loss of RN1 via transition-state/mol
1.81
61
cies
TS1)he length of the chemical bonds are given in Å.
and t
1818 ZHOU ET AL. J Am Soc Mass Spectrom 2007, 18, 1813–1820reason why the relative abundance of the ion at m/z 230
is higher than that of the ion at m/z 155.
The relative abundance of the product ions is af-
fected both by the position and the nature of the
substituents, as the overall activation barriers are re-
lated to the substituents to some extent. The nature of
the substituents will be discussed according to the
electronic effect with the substituents located at the para
position. In the rate determining steps, a negative
charge is developing at the nitrogen atom connecting
the substituted phenyl ring in TS2, while the negative
charge is developing at the remote oxygen in TS4. When
the substituent is an electron withdrawing group, such
as CF3, NO2, the overall activation barrier of TS2 is
reduced since the negative charge at the nitrogen atom
can be largely stabilized by the substituted phenyl ring,
leading to much more favor of the Route 1. At the same
time, the overall activation barrier of Route 2 is almost
constant, as the substituent has hardly any effect on the
remote negative charged oxygen atom. Hence, the
product ion d is more favored when the substituent is
an electron withdrawing group. Besides, in the skeletal
rearrangement steps, the structure b-1 is highly favored
because the lone electron pair at nitrogen atom could be
largely delocalized to the phenyl ring, leading to an
additional stable resonance structure b-5 [23], as de-
scribed in Scheme 3. It is proposed that for these
compounds, the isomerization of ion b-3 to b-4 is
difficult due to the presence of the strong electron-
[M-H]- b-2
172.9 Kcal/mol 186.2
TS4
201.8 Kcal/mol
1.771
Route 2
2.055
1.255
3.633
3.120
Figure 3. PM3 optimized structures of the sp
deprotonated Compound 1 via transition-state (
(TS4). Heats of formation are given as kcal/molwithdrawing group. Considering the above two factors,especially the decisive factor of the overall activation
barriers of TS2 and TS4, the Route 1 is more favored,
resulting in higher relative abundance of product ion d.
Therefore, for Compound 5, Route 2 could hardly
occur, and the ion at m/z 275 was dominant (see Figure
1b). For the halogen substituted compounds, such as F,
Cl, Br, the overall trend is the same as the above
discussed compounds, which means the relative abun-
dance of the d ion is much higher than that of the f ion.
In contrast, when the substituent is electron-donating
groups, such asN(CH3)2, the overall activation barrier
of TS2 is fortified by the destabilizing of the negative
ol
e
184.8 Kcal/mol
f
190.8 Kcal/mol
1.844 1.387
1.355
RN2
1.232
3.158
in the oxygen attack Smiles rearrangement of
and the neutron loss of RN2 via transition-state
he length of the chemical bonds are given in Å.
Figure 4. Schematic of potential energy surface (relative energies
are given in kcal/mol) for the two proposed fragmentation
pathways of deprotonated Compound 1, calculated by semiem-
pirical PM3. Route 1 is the nitrogen attack Smiles rearrangement;TS3
Kcal/m
2.483
2.954
ecies
TS3)route 2 is the oxygen attack Smiles rearrangement.
1819J Am Soc Mass Spectrom 2007, 18, 1813–1820 GAS-PHASE SMILES REARRANGEMENT REACTIONScharged nitrogen atom. Accordingly, the oxygen attack
Smiles rearrangement will be relatively favored (see
Figure 1c).
To prove the mechanism proposed above, we also
synthesized N-cyclohexyl-2-(4,6-dimethoxypyrimidin-
2-ylsulfanyl)benzamide, namely, Compound 12. The
CID mass spectrum of the [M  H] ion (m/z 372) is
shown in Figure 1d. Clearly, the relative abundance of
the [M  H  C7H4OS]
 ion was only 0.7%, and that of
the ion at m/z 155 was 100%, the base peak. This is
because the nitrogen atom linked directly with a cyclo-
hexane, which itself is an electron-releasing group,
destabilizing the TS2 to a great extent. Thereby, the
overall activation barrier of Route 1 is much larger than
that of Route 2. Moreover, the cyclohexyl group desta-
bilized the b-12 ion with the formal negative charge on
the nitrogen.
To study the influence of the substituents to these
two competitive Smiles rearrangement reactions sys-
tematically, the spectra of a series compounds with
different substituents at para position were measured
(the relative abundance of the ions was shown in
Table 2). The fragment mechanism could be further
explored by studying the substituent effects on the
distribution of the product ions. A plot of the intensity
ratios of these two ions, ln[(M  H  C7H4OS
)/(M 
H  C13H8NSR
)] versus the substituent constants, p
,
was obtained as shown in Figure 5. Here the substituent
constant, p
, was used since the lone electron pair on
the O or N could be delocalized into substituents
[24]. The trend is clear. An electron-withdrawing group
retarded the oxygen atom attack Smiles rearrangement,
whereas an electron-donating substituents expedited
this rearrangement. In general, compared with Com-
pound 1 (R  H), all electron-withdrawing groups
(p
  0) favor the formation of the [MH C7H4OS]

ion, and electron-donating groups (p
  0) favor the
other channel to form [M  H  C13H8NSR]
 ion
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Figure 5. Plot of ln[(MHC7H4OS
)/(MHC13H8NSR
)]
versus the p
 substituent constants for the collision-induced
fragmentation of the [M  H] ions of 2-(4,6-dimethoxypyrimi-
din-2-ylsulfanyl)-N-phenylbenzamide substituted at the para po-
sition. Collision energy 0.54 V (helium).instead. For example, Compound 1 (R  H) yielded
[M  H  C7H4OS]
 ion and [M  H  C13H8NSR]

ion in the ratio 100:46; Compound 5 (R  NO2) yielded
these two ions in the ratio 100:0.01; in the case of
Compound 11 (RN(CH3)2), the ratio of m/z 273 to 155
is 78:88.
Three methyl-substituted isomers were selected to
study the positional factor. However the spectrometric
information in a MS/MS spectrum obtained at one
single collision energy is limited and can be signifi-
cantly enhanced by acquiring spectra at increasing
greater collision energies. Therefore, the plots of inten-
sity ratios of these two ions, ln[(244)/(155)], instead
of relative intensity, versus the collision energy, were
obtained. The intensity ratios of ln[(MH C7H4OS
)/
(M  H  C13H8NSR
)] varied correspondingly with
substituent constant, , as discussed above. Therefore,
these values are plotted on y-axis. The three positional
isomers are hence easily distinguished since the elec-
tronic effect of the substituent at the ortho, meta, and
para positions is different.
Figure 6 shows how the intensity ratios of the two
ions, ln[(M  H  C7H4OS
)/(M  H  C14H11NS
)],
obtained by CID of [M  H] from Compounds 2 (R 
o-CH3), 3 (Rm-CH3) and 4 (R p-CH3) varied as the
collision energy varied from 0.36 to 0.63 V. The intensity
ratios of the two ions of Compounds 2, 3, and 4 are
drastically different, which can be explained by the
influence of different substituted positions. The methyl
group is an inductively electron donating-group, which
favors relatively the formation of [M  H 
C14H11NS]
 compared with the non-substituent Com-
pound 1 (RH). The electron-releasing effect of methyl
group is a bit stronger at the para and ortho than at the
meta position. Hence, Compound 4 has a smaller value
of ln[(244)/(155)] than that of Compound 3 at the
same collision energy, which is consistent with the
experiment result. However, Compound 2, whose plot
Collision energy (V)
0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65
ln
[(2
44
- )
/(1
55
- )
]
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0
o-CH3
m-CH3
p-CH3
Figure 6. Plot of ln[(244)/(155)] versus the collision energy for
deprotonated Compounds 2 (R  o-CH3), 3 (R  m-CH3) and 4
(R  p-CH3).of ln[(244)/(155)] versus the collision energy intersect
1820 ZHOU ET AL. J Am Soc Mass Spectrom 2007, 18, 1813–1820Compound 3 around 0.48 V could not be simply com-
pared with that of Compounds 3 and 4, as some other
factors, for instance the steric effect of o-substituent,
should also be considered. The error bars shown in the
figure also prove that these three isomers can be differ-
entiated. When the collision energy is 0.36 V, the
relative abundance of the two product ions at m/z 244
and 155 are quite small, which results in the big-
gest error, and the three points at 0.36 V overlap
partially with each other. However, with the increase of
the collision energy, the three curves can be distin-
guished easily. For example, although o-CH3 and m-CH3
had superposition at 0.42 and 0.48 V, they detached
each other at other points. Therefore, it was possible
to identify 2-(4,6-dimethoxypyrimidin-2-ylsulfanyl)-N-
phenylbenzamide isomers from the above method
by comparing the values of ln[(M  H  C7H4OS
)/
(M  H  C14H11NS
)] at different collision energies.
Conclusions
The deprotonated 2-(4,6-dimethoxypyrimidin-2-ylsul-
fanyl)-N-phenylbenzamide and its derivatives were
studied by negative-ion electrospray ionization tandem
mass spectrometry, and the proposed fragmentation
pathways were elucidated. These mechanisms were
supported by the analysis of exact mass measurements
and the analysis of N-cyclohexyl-2-(4,6-dimethoxy-
pyrimidin-2-ylsulfanyl)benzamide. Theoretical calcula-
tions were also invoked to shed light on the reaction
mechanisms of Compound 1 by the semiempirical PM3
method. All the compounds showed similar fragmen-
tation pathways. Two competitive gas-phase Smiles
rearrangement reactions were observed. For 2-(4,6-
dimethoxypyrimidin-2-ylsulfanyl)-N-phenylbenzamide
derivatives, this reaction gave rise to [MHC7H4OS]

and [M  H  C13H8NSR]
. The ln[(M  H 
C7H4OS
)/(M  H  C13H8NSR
)] values of the para-
substituted compounds gave a linear relationship with
the Hammett constant of the substituents. In addition,
three methyl-substituted isomers were differentiated
through the plots of ln[(244)/(155)] versus collision
energy since the relative abundances of the product
ions were affected by the substitution position.
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